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Abstract 
During a flasher IV measurement fast voltage sweeps are applied to the cell. It is known that for some large area, high 
efficiency cell types this induces a distortion of the measured IV curve and accordingly errors in the FF and VOC 
evaluation. We have investigated which factors influence the IV curve distortion and pointed out the necessity for 
new inline characterization methods for these cell types. As demonstrated, these methods could include scanning only 
part of the IV curve in the given flash interval. A new approach is demonstrated to overcome this problem in 
industrial cell sorting. 
 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the scientific 
committee of the SiliconPV 2012 conference 
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1. Introduction 
In a production environment the end of line characterization of solar cells plays an important role for 
manufacturers in order to sort the cells according to expected MPP power output. As the cycle times are in 
the range of seconds this is commonly achieved by flasher IV-testers, which scan the entire IV curve of a 
cell in a few milliseconds. This means applying fast voltage changes to the cell, which change the 
equilibrium charge distribution in the cell drastically. Since modern cell concepts tend to have higher open 
circuit voltages the time required to reach the individual equilibrium condition, e.g. for voltages exceeding 
Vmpp, takes longer. It is this inert behaviour that leads to the known effects of IV curve distortion and the 
corresponding fill factor under- or overestimation. We have investigated this influence and modelled the 
charging or discharging currents respectively in order to design a measurement method, which can 
circumvent this problem.  The continuing development in cell technology has enabled for technical 
advances such as selective emitters, PERC or n-type cell concepts to take the leap from R&D into 
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production. Many of these cell types include the use of rearside dielectrics which ultimately increase the 
operating voltage of a cell. Since these advances aggravate the difficulties in correctly measuring these 
cell types we are convinced that new measurement procedures have to be implemented for the inline 
characterization of such cells. 
 
2. Observation 
 
We have compared the FF deviation of several common (p-type Cz-Alu-BSF, p-type mc-Alu-BSF) and 
also new cell types (p-type Cz-PERC, n-type rear-emitter, n-type PERT) measured at our flasher setup 
using a measurement time of 5ms. It is known and confirmed here that the value of Pmpp and therefore the 
FF depends on the direction of the IV sweep. A scan of the IV curve beginning at ISC (hereafter SC-OC) 
can result in an underestimation of Pmpp and VOC, whereas the opposite direction scan (OC-SC) yields a 
pronounced overestimation of Pmpp. The influence on VOC is also systematic, but a lot smaller in size. It is 
also seen that the capacitance effect depends on the illumination intensity which means that the 
determination of the series resistance, which is usually evaluated from the slopes around MPP for the 
1000W/m² and 500W/m² intensity curves can be erroneous. 
 
 
Fig. 1. Measured IV curves of PERC Cz-p-type cell (2Ωcm) with 
different sweep directions. FF ranges between 76,84% and 
78,44% 
Fig. 2. Measured IV curves of PERT Cz-n-type cell (6Ωcm) 
with different sweep directions. FF ranges between 75,25% and 
80,11% 
Figures 1 and 2 show the data of IV curves of advanced silicon solar cells and the influence of the 
measurement direction as a demonstrative example. The measurements were taken with a Berger flasher 
system which has limited pulse length of up to 5ms. The system employs a nonlinear voltage ramp for 
evenly distributed measurement points, and a passive resistance control. The FF and VOC data of these and 
other measurements are summarized in Tables 1 and 2. Even in standard p-type cells the behavior can 
affect the results significantly. The IV-curve distortion further shows an asymmetric behavior whereas the 
distortion of the OC-SC curve is always more pronounced. Therefore a correction by averaging of two 
measurements can hardly improve the result. Figures 3 and 4 show a series of measurements with high 
resistivity n-type and p-type cells using a flasher system with adjustable flash pulse length and apply a 
linear voltage ramp. It is obvious that a linear voltage ramp aggravates the problem, which can be 
understood but is still depicted here as worse case example. Extending the pulse length might appear as 
the best solution for this problem however it always comes at the cost of deviation in the flasher spectrum 
and maybe reduced flash lamp lifetime. 
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Fig. 3. FF deviation as compared to a steady state measurement 
for a Cz-p-type cell employing a linear voltage ramp and various 
measurement times 
Fig. 4. FF deviation as compared to a steady state 
measurement for a Cz-n-type cell employing a linear voltage 
ramp and various measurement times 
 
3. Explanation/ Modelling 
 
The origin of these effects lies in the nature of a diode operating under forward bias. The charge 
distribution of minority charge carriers in the bulk of the cell increases exponentially with increase of 
applied bias voltage. The IV-scan corresponds to a step wise increase (only the SC-OC case shall be 
discussed here for simplicity reasons) in bias voltage and for each step charge carriers which are either 
injected through the junction or generated near the junction have to redistribute to reach a new equilibrium 
distribution. As can be seen from the PC1D result in Fig. 5 even for a standard p-type cell this distribution 
changes by orders of magnitude applying voltages exceeding typical Vmpp values. This accumulation of 
large amounts of charge can be seen as a charging current of the diffusion capacitance. This capacitance 
can also be expressed as 
 
with           ,    (1) 
 
 wherein U denotes the applied forward bias voltage, ND the base doping density and Lp the minority 
carrier diffusion length (here in an n-type base). The generated charge carriers which contribute to the 
charging current cannot contribute to the externally measured current, which explains the observed 
underestimation of the measured current. The diffusion capacitance is not to be mistaken with the junction 
or depletion layer capacitance which is made up by charges stored in the space charge region and is 
negligible in forward bias condition. Using the voltage ramp as applied during a flasher measurement and 
assuming a time constant for each charging step we could model the charging and discharging currents to 
get an understanding of the time frame that is needed to minimize the capacitive errors. It became obvious 
that a measurement error at one point is always a result of the measurement “history”. This is needed to 
achieve charging current levels in the range of 1A, the same size as the measurement error. This hysteresis 
effect can explain the strong asymmetry which is found for very short measurement times. Fig. 6 shows 
the calculated diffusion capacitance for p- and n-type cells for a production relevant resistivity range and 
with long diffusion lengths as required for advanced cell processes. 
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Fig. 5. Minority charge carrier distribution in the bulk of 
illuminated solar cell for different forward bias voltages 
Fig. 6. Calculated diffusion capacitance for different 
substrates and doping levels 
4. New approach 
 
We have seen that n-type cells, especially with high resistivity base material induce the most severe 
measurement problems with ΔFF between SC-OC and OC-SC measurement direction up to 5%abs. Also 
advanced p-type cell concepts show ΔFF of up to 2%abs. Methods such as averaging of Pmpp or a reduction 
of measurement points can only reduce the error to around 1%abs. Therefore we suggest a method that uses 
a single flash to trace a narrow interval around PMPP in the limited time. Since the measurement time is 
thereby artificially extended a charge distribution according to the voltage and illumination dependent 
equilibrium concentration can be achieved. This minimizes the measurement error and the PMPP is 
extracted with high accuracy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Measurement results of conventional measurement and new approach in comparison 
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As the reversal of the measurement direction traces the same power curve we know that the 
measurement is not affected by the distortion. If required an additional measurement could give an 
accurate evaluation of ISC and VOC although to our knowledge sorting by Pmpp is commonly used. For 
R&D applications this can easily be extended to record the full curve as a sequence of individual IV scans 
yielding even higher accuracy.  
 
5. Measurement results 
 
As shown for a high resistivity n-type sample in Fig. 7 the MPP scan measurement is not affected by 
capacitance induced distortion, although the standard measurement for this sample showed a pronounced 
effect. This example demonstrated the potential of the solution, since samples with lower diffusion 
capacitance can easily be corrected as well. An overview of the results achieved with our flasher system 
for all available cell types is shown in Tables 1 and 2. 
 
Table 1. IV measurement results for various p-type cell concepts 
        standard measurement new approach 
Material  Resistivity cell structure meas. direction Pmpp FF VOC Pmpp FF 
[Ohm cm] [W] [%] [mV] [W] [%] 
          ±0,20     ±0,20 
Cz p-type  2 Alu BSF SC-OC 4,193 77,10 624,1 4,217 77,35 
OC-SC 4,214 77,48 624,1 4,216 77,30 
mc p-type 2 Alu BSF SC-OC 4,176 79,03 627,1 4,179 79,10 
OC-SC 4,182 79,19 627,2 4,180 79,11 
Cz p-type  2 PERC SC-OC 0,989 77,17 0,999 0,999 77,91 
OC-SC 1,016 79,07 1,001 1,001 77,98 
 
Table 2. IV measurement results for various n-type cell concepts 
        standard measurement new approach 
Material  Resistivity cell structure meas. direction Pmpp FF VOC Pmpp FF 
[Ohm cm] [W] [%] [mV] [W] [%] 
          ±0,20     ±0,20 
Cz n-type 2 PERT SC-OC 4,550 76,90 642,3 4,601 77,66 
OC-SC 4,671 78,74 643,0 4,614 77,88 
Cz n-type 5 PERT SC-OC 4,478 75,47 641,2 4,587 77,21 
OC-SC 4,701 79,02 642,1 4,597 77,37 
Cz n-type 6-8 Alu emitter SC-OC 4,109 76,34 630,7 4,212 78,13 
OC-SC 4,309 79,81 631,9 4,223 78,33 
Cz n-type 4 IBC (Zebra) SC-OC 4,637 76,36 634,9 4,800 78,07 
OC-SC 4,810 79,21 644,3 
 
6. Summary 
 
We have demonstrated the influence of the diffusion capacitance on the IV measurement using 
standard measurement equipment and various cell designs. It is found that charging or discharging 
currents can significantly distort the IV-curve for many industrial cell types. In the case of limited flash 
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pulse duration a full IV curve can sometimes not be recorded without distortion. Modern industrial silicon 
solar cells will therefore require new measurement procedures to extract the important solar cell 
parameters during the sorting process. For this reason we have suggested an approach to measure only 
part of the IV curve to artificially extend the measurement time. Using this approach we could measure an 
interval around PMPP with high accuracy and no observable distortion.  
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